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Abstract 
In this paper, the effect of longitudinal vortex generators (LVGs) on the performance of a large-scale thermoelectric 
power generator (TEG) with a plate-fin heat exchanger is investigated. The fluid-thermal-electric multi-physics 
coupled model for the TEG is established on the COMSOL® platform, in which the Seebeck, Peltier, Thomson, and 
Joule heating effects are taken into account. The equivalent thermal-electrical properties of the TE module are used in 
the numerical simulation. The results indicate that the LVGs could produce complex transverse vortices in the cross 
section downstream from the LVGs, thus enhancing the heat transfer and electric performances of the TEG compared 
with a TEG without LVGs. 
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1. Introduction 
As a solid-state energy converter, a thermoelectric material can directly convert thermal energy into 
electrical energy without additional power generation devices. Many automotive manufacturers are 
exploring thermoelectric power generators (TEGs) to convert some of the waste heat from the exhaust gas 
into useful electric power. However, the efficiency of TEGs is still poor so considerable research efforts 
have focused on improving the efficiency of thermoelectric materials. However, the heat transfer 
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performance of the heat exchangers also plays an important role on the total efficiency of TEGs. Recently, 
for the purpose of enhancing the heat transfer and efficiency of TEGs, Lesage et al. [1] and Amaral et al. 
[2] applied turbulating inserts into the fluid channel in a liquid-to-liquid thermoelectric generator, while 
Pandit et al. [3] examined three-dimensional partial pin fin arrays on the hot-side walls in a gas-to-liquid 
thermoelectric generator.  
In our previous work, the feasibility of using longitudinal vortex generators (LVGs) to improve heat 
transfer in a small-scale integrated thermoelectric device was studied [4]. It was found that the heat input, 
net power and thermal conversion efficiency performance of the thermoelectric generators with LVGs 
could be enhanced by 29%-38%, 90%-104% and 31%-36%, respectively, compared to smooth flow 
channel. In large-scale TEGs, plate-fin heat exchangers are widely used. Thus, in this study, the effect of 
LVGs on the performance of large-scale TEGs with plate-fin heat exchanger is examined. 
 
Nomenclature 
A            Cross sectional area for a TE leg, m2 
I             Electric current, A 
l             Length of a TE leg, m 
k            Thermal conductivity, W/(m·K) 
N            Number of a TE leg 
T            Temperature, K 
Į Seebeck coefficient, V/K 
ȡ Electrical resistivity, ȍ·m 
Subscripts 
E            Equivalent thermal-electrical properties for a TE module 
i             The ith TE leg 
2. Physical model description 
As shown in Fig.1, the TE module is composed of a ceramic substrate, conductive copper, couples of 
P-type and N-type legs, conductive copper and another ceramic substrate from top to bottom. The bottom 
and top surfaces of TE modules are attached to the cold-side and hot-side plates, respectively. Because 
the coolant flows in the cold side, the temperature of the bottom surface can be assumed as a constant. On 
the hot side, a plate fin heat exchanger is usually used to enhance the heat. In order to further improve the 
heat transfer performance and thus increase the power output, LVGs are proposed to be mounted on the 
plate-fin channel.  
The main purpose of this paper is to study the effect of LVGs on the performance of a TEG. The size 
of the hot-side rectangular channel is 20 mm (width) × 10 mm (height) × 138.56 mm (length), while the 
thickness of hot-side and cold plates is 1 mm. The thickness of fins is 1.5 mm, and the LVGs are 5 mm 
(length) × 1 mm (width) × 10 mm (height) with an inclined angle of 45°. The longitudinal pitch and 
transverse pitch of the LVGs are 34.64 mm and 4.22 mm, respectively. The assembled TE module has a 
square cross section of 40 mm × 40 mm with a height of 4.2 mm, which consists of 127 couples of p-type 
and n-type semiconductor legs (Bi2Te3). There are three TE modules laid between the hot-side and cold-
side plates. The thickness of the ceramic and copper layers are 0.7 mm and 0.6 mm, respectively. The 
inlet and outlet of the hot-side channel are extended to be 5 times the hydraulic diameter of the hot-side 
channel to support uniform flow for the inlet and to suppress backflow at the outlet. The inlet velocity of 
the hot-side gas is 2 m/s with a temperature of 400 °C. The temperature of the cold side is 90 °C.  
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Fig. 1. Physical model of TEG with LVGs. 
3. Numerical model 
It is difficult to simulate all 127 couples of the semiconductor legs in detail. However, the thermal 
resistance of these semiconductor legs is connected in parallel, while the electrical resistance is in series. 
We obtain the following equations (1)-(3) according to the heat flux equilibrium between the TE module 
and semiconductor legs caused by the Peltier effect, heat conduction and Joule heating.  
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Here, the thermal-electrical properties of the semiconductor legs are assumed to be temperature-
independent. Thus the equivalent thermal-electrical properties of the TE module can be derived from 
those of the semiconductor legs according to the following equations (4)-(5):  
iE Nαα =                                                                                   (4) 
iE kk =                                                                                       (5) 
iE N ρρ =                                                                                  (6) 
A fluid-thermal-electric multi-physics coupled model was established in the COMSOL4.4® platform. 
The Seebeck, Peltier, Thomson, and Joule heating effects are considered in the TE modules. The flow in 
the hot-side channel is considered as 3D, laminar, incompressible, and steady. The physical properties of 
the hot gas are assumed as constant. 
4. Code Validation 
The fluid-thermal-electric multi-physics coupled model for the TEG was validated with the results of 
Reddy et al. [5], which showed that the maximum relative deviations were less than 6%. However, in this 
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validation the detailed TE legs were simulated. Therefore, the method of equivalent physical properties 
for the TE module should be further validated. Figure 2 shows that comparison of the present study with 
the experimental data in Ref. [6]. The averaged relative errors between the present study and the 
experimental results in Ref. [6] are 9.5% for ǻT=200 K and 15.9% for ǻT=100 K. The good agreement 
validates the present numerical method. 
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Fig. 2. Validation of the method of using equivalent physical properties for the TE module. 
5. Results and discussion  
Figure 3 shows the velocity and voltage distributions of the TEG without LVGs. Because the channel 
is smooth, the fluid flows straight along the channel and the thermal boundary layer forms on the top 
surface of hot plate. The voltage produced by the TE modules from the left inlet side to the right outlet 
side decreases because the temperature difference decreases along the streamwise direction as the hot 
fluid cools. The open circuit voltage in this case is 4.82 V, and the heat input is 24.23 W. When the LVGs 
are attached to the top surface of the hot plate, the fluid flow is disturbed and the two pairs of vortices are 
formed downstream from every LVG, as shown in Fig.4. The maximum velocity increases due to the 
smaller cross section in the channel with LVGs. Therefore, the heat input is increased to 37.42 W and the 
open circuit voltage in this case is increased to 7.27 V.  
 
Fig. 3. Velocity and voltage distributions of the TEG without LVGs. 
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Fig. 4. Velocity and voltage distributions of the TEG with LVGs. 
6. Conclusion 
The plate-fin heat exchanger is widely used in large-scale TEGs as a heat sink. In this paper, we 
establish a fluid-thermal-electric multi-physics coupled model for the gas-to-liquid TEG on the 
COMSOL® platform. The Seebeck, Peltier, and Thomson effects along with Joule heating are considered 
in the TE modules. In order to simplify the numerical model of the large-scale TEG, the equivalent 
thermal-electrical properties of the TE module are used to replace the specific thermal-electrical 
properties of the TE legs. This numerical method is validated by comparing results with experimental 
data in the open literature. The comparison of velocity and voltage distributions of the TEG with and 
without LVGs indicates that the LVGs could produce complex vortices in the cross section downstream 
the LVGs, thus enhancing the heat transfer performance and electric performance of the TEG. Under the 
same operating conditions, the heat input and open circuit voltage of the TEG with LVGs are increased 
by 54% and 51%, respectively, compared to a TEG without LVGs. 
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